Strain-related issues are of the extraordinary importance for the performance of lithium ion batteries. For the conversion-and alloy-types electrode compounds, the cracks originated from the electrochemicallyinduced-strains are considered as the primary reason for their capacity fading and short cycle life [1]. Further, the transport of lithium ions themselves is affected by the strain during insertion/extraction into/from active materials. Besides electrochemically-induced-strain instigated inside single particles, the external strain also exist due to solid-to-solid interfaces in the electrode. For example, during operation, each particle undergoes volumetric changes, which generates external strain to neighboring particles. In all-solid-state-batteries, external strain is a more important issue due to the solid nature of electrolyte. Even though the electrode in lithium ion batteries can be influenced by various external and internal sources of strains, it is still not clear that how they affect the kinetics of lithiation. Especially, the coupling effect of electrochemically induced strain and external strain on electrode materials have not been investigated yet.
Strain-related issues are of the extraordinary importance for the performance of lithium ion batteries. For the conversion-and alloy-types electrode compounds, the cracks originated from the electrochemicallyinduced-strains are considered as the primary reason for their capacity fading and short cycle life [1] . Further, the transport of lithium ions themselves is affected by the strain during insertion/extraction into/from active materials. Besides electrochemically-induced-strain instigated inside single particles, the external strain also exist due to solid-to-solid interfaces in the electrode. For example, during operation, each particle undergoes volumetric changes, which generates external strain to neighboring particles. In all-solid-state-batteries, external strain is a more important issue due to the solid nature of electrolyte. Even though the electrode in lithium ion batteries can be influenced by various external and internal sources of strains, it is still not clear that how they affect the kinetics of lithiation. Especially, the coupling effect of electrochemically induced strain and external strain on electrode materials have not been investigated yet.
In this work, we performed in-depth TEM analysis to investigate the coupling between electrochemically induced strain and interfacial strain in an epitaxial Fe3O4 thin film grown on a SrTiO3 single crystal (Fig. 1) . The in situ measurements and tomography were performed on a JEOL 2100F TEM operated at 200 kV. The high-resolution imaging and analytical EELS were conducted on a Hitachi HD2700C STEM operated at 200 kV and equipped with a probe aberration corrector. Combined in situ TEM and analytical TEM methods (Fig. 2) , we observe that the compressive strain around the interface of thin film and substrate plays a critical role in decelerating the conversion reaction of Fe3O4; thus, intermediate phase of LixFe3O4 is found in the vicinity of interfaces. We observed that further lithiation, facilitating the conversion reaction of remaining intermediate phase, leads to the delamination of thin film. Electrochemical test in real Li-half cell confirms that the mechanical failure is a result of deep discharge of compressed thin film. Further, we used phase-field simulation to demonstrate the effect of strain coupling to kinetics of lithiation process, showing that preexisting external strain indeed controls the speed of lithium insertion [2] . Our work here not only clarifies the effect of compressive strain on reaction kinetics but also suggests that pre-existing epitaxial strain can be used to effectively tune and control the electrochemical reaction [3]. 
